Microwave Fourier transform spectroscopy was used to reinvestigate the rotational spectra of cisand trans-2,3-dimethyloxirane. The potential barriers hindering the internal rotation, internal rotation parameters, and partial restructures were determined.
Introduction
In course of our efforts to investigate with the presently possible accuracy the microwave rotational spectra of molecules containing two hindered methyl internal rotors [1] [2] [3] [4] [5] we reinvestigated the rotational spectra in the torsional ground-state of cis-2,3-dimethyloxirane (cis-2,3-epoxybutane, CEB, cis-CH 3 CHr-7CH-CH3) and trans-2,3-dimethyloxirane x <y (trans-2,3-epoxybutane, TEB, trans-CHj-CH r 7CH
x <y -CH 3 ) first investigated by Sage [6] and Emptage [7] at Harvard University. In addition we were able to measure and assign the 13 C-isotopomers in natural abundance. So a partial restructure could be derived.
In a following publication we will present our results for 2,2-dimethyloxirane.
The barrier F 3 hindering internal rotation, other internal rotation parameters, rotational and centrifugal distortion constants could be determined with high precision.
For comparison quantum chemical calculations were performed with Gaussian 88 [8] .
Experimental
Both substances were purchased from Fa. Aldrich, Steinheim, FRG, and used without further purification.
We used our microwave Fourier transform (MWFT) spectrometers in the waveguide (WG) [9, 10] and molecular beam (MB) [11, 12] versions.
The measurements with WG-MWFT spectrometers were made at pressures of 1.5 to 0.5 mTorr (0.2-0.07 Pa) and at a temperature of -58 °C. The frequencies of multiplet components were refined by evaluation of the time domain signal [13] .
For the measurements with the MB-MWFT spectrometer a mixture of 2% substance in argon with a backing pressure of approximately 1 bar was used. No additional refinement for the frequencies was applied in this case.
The results for CEB and two 13 C-isotopomers are given in Tables 1 and 2, for TEB and two  1 ^-isotopomers in Tables 3 and 4 . For the isotopomers only the hypothetical rigid rotor frequencies of the torsion multiplets are given. In the Tables 1 and 3 only selections of the measured transitions are given. A complete list is deposited under TNA 28 at the library of the University of Kiel, Westring 400, W-2300 Kiel, or in [14] .
The deviations ö Av given in Tables 1 and 3 were calculated with the complete line sets.
In Figs. 1-3 we present three representative measurements.
Analysis
The assignment of the measured p b and p c -type lines of CEB and p b -type lines of TEB was performed without difficulties on the basis of the reported data [6, 7] .
The internal rotation analysis was based on two methods: a modified principal axis method (PAM) [3] and the internal axis method (IAM) in the formulation given by Woods [15, 16] .
The invariance group of the Hamiltonian for CEB is CJ (x) C 3v , for TEB C 3v <g> C 3 [17] . The point groups are C s and C 2 respectively. 0932-0784 / 92 / 0900-1051 $ 01.30/0. -Please order a reprint rather than making your own copy. We used the program TTWF2 [3] for the PAM, the program KC3IAM [18] for the IAM-analysis.
The centrifugal distortion analysis followed Watson's A reduction [19] representation I r [20] . The program ZFAP4 [21] was used. For TEB the program TTWF2 used the representation IT. Table 7 . Internal rotation parameters of cis-2,3-dimethyloxirane (CEB).
KC3IAM TTWF2
Sage [6] i/ (kJ/mol) <; on oil a 6 892'18^ c -7io tcirw yj. i 4.KJ \KJJ\JJ v 3 (kcal/mol) 1.6509 (6) The internal rotation and centrifugal distortion analyses of the spectra were made in an alternating sequence until the fits converged with errors of the order of the experimental errors.
The rotational constants apply to frequencies of a hypothetical rigid rotor calculated in course of the IAM-analysis.
The internal rotation analysis resulted in a determination of the barrier height V 3 (PAM) or the reduced barrier height s, via the Fourier coefficient w^s) Table 9 . Freedom cofreedom matrix of Table 8 (IAM), the moment of inertia I a of the methyl group and the angles between the internal rotation axis i and the principal inertia axes g = a, b, c: £ (i, g). Hereby the sum of the squares of the direction cosines of the three angles was fixed to 1. For TEB the measured lines up to the rotation quantum number J= 12 contain not enough information to determine I x and all (i, g). They were taken in this case from an IAM-analysis of lines up to J = 30. The PAM-analysis of the same set of lines was prevented by computer restrictions although all calculations were made with a Cray X-MP/216 computer. The larger off-diagonal elements in the PAM-matrices require larger matrices to get a sufficient accuracy.
The results are compiled for CEB in the Tables 5-7,  for TEB in Tables 8-10. The Tables 6 and 9 give the freedom cofreedom matrix proposed in [22] . Small diagonal elements indicate a high interdependence of parameters in the multi-variate fit. Small off-diagonal elements show the connections to the interdependent parameters.
The central frequencies of the multiplets of the 13 Cisotopomers given in Tables 2 and 4 were calculated with an IAM-analysis. In some cases the EE component in the designation of the normal isotopomer was observed to be slightly split according to the invariance group C^1' ® C^2 ) [17] . Here the mean value was taken. The rotational constants of the CEB-and TEB 13 C-isotopomers are given in Table 11 . They were calculated using the centrifugal distortion constants of the normal isotopomer.
Structure
For both molecules three sets of rotational constants were available. In Figs. 4 and 5 we give drawings of both molecules in their principal axes systems. So r s coordinates and a partial restructure could be calculated [23] , The results are given in Tables 12 and  13 together with calculations with Gaussian 88 using a 6-3IG* basis set. From the experimental data a tilt angle of 1.3° for CEB and 0.4° for TEB resulted. Here the tilt angle is half of the difference of the angle between the internal rotation axes i, i': < (i, i') and the angle of the axes between the bonds C r C m and C' T C' m : £ (C r C m , C' T C' m ). The planes defined by the sides of these angles do not coincide.
In Table 14 we compare structures obtained by different methods and the structure of the related propenoxide H 2 Cv-7CH-CH3 [24] ,
N <y
The determination of a more complete restructure of the ring requires the measurement of the spectra of the 18 0-isotopomers.
